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This invention is directed to oil-in-water emulsions containing silicone surfactants which have a combined 
HLB value of 4-7. This is unusual because it is known that emulsions containing surfactants with HLB values 
of 4-7 are water-in-oil emulsions and not oil-in-water emulsions. 

The HLB system is based on the concept that a surfactant molecule has an attraction for both water and 
oil and that the relative magnitude or the hydrophile-lipophile balance (HLB), of these attractions measures 
its suitability as an emulsifierfor a given oil. The HLB system is based upon a numerical rating scale of from 
0 to 20. 

There are two basic types of emulsions, that is, water-in-oil emulsions and oil-in-water emulsions. There 
is a required HLB value for each type of emulsion. Water-in-oil emulsions require an HLB value of 4-7. Oil-in- 
water emulsions require an HLB value of 8-18. Generally, no emulsions result with an HLB value below 4 or 
an HLB value above 18. 

Since oil-in-water emulsions require an HLB value of 8-18, it is therefore highly unusual and unexpected 
that one could prepare an oil-in-water emulsion with HLB value required for water-in-oil emulsions. This is the 
gist of the present invention. 

The emulsion prepared by the present invention is an oil-in-water emulsion. The oil phase typically contains 
a silicone fluid such as a volatile cyclic silicone or a volatile short chain linear silicone, a linear non-volatile 
silicone or mixtures of silicone fluids; and an ethylene oxide/propylene oxide silicone copolymer which will be 
referred to hereinafter as an "EO/PO Silicone Surfactant". The water phase typically contains an ethylene oxide 
silicone copolymer which will be referred to hereinafter as an n EO Silicone Surfactant"; or the water phase may 
contain an "EO/PO Silicone Surfactant"; water; and if desired, other adjuvants such as electrolytes and hu- 
mectants which typically occur in personal care consumer cosmetic products. 

The "EO/PO Silicone Surfactant" is a siloxane polyether having the formula: 
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35 wherein R a is an alkyl group of one to six carbon atoms; R b is the radical -C m H2m-; R c is a terminating radical 
which can be hydrogen, an alkyl group of one to six carbon atoms or an aryl group such as phenyl; m has a 
value of two to eight; p and s have values such that the oxyalkylene segment -(C 2 H 4 0)p-(C3HeO) 8 - has a mo- 
lecular weight in the range of 400 to 5,000; the segment preferably having fifty to one hundred mole percent 
of oxyethylene units -(C2H 4 0) P - and one to fifty mole percent of oxypropylene units -(C 3 H 6 0)a-; x has a value 

40 of 80 to 1 20; and y has a value of 2 to 1 0. 

Preferably R a and the terminating radical R c are methyl groups; m is preferably three or four whereby the 
group R b is most preferably the radical -(CH^s and the values of p and s are such as to provide a molecular 
weight of the oxyalkylene segment -(C2H40)p-(C 3 HeO) s - of between 1,000 to 3,000. Most preferably, p and s 
should each have a value of about 1 8 to 28. 

45 The w EO Silicone Surfactant" is a siloxane polyether having the formula: 
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wherein R a is an alkyl group of one to six carbon atoms; R b is the radical -CmH^-; R c is a terminating radical 
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2 ► Y T\ an alky ' 9r ° UP ° f °" e 10 SiX Carb0n atoms or an 9 ra "P ^ch as phenyl- m has a 

value of two to e,ght; p has a value of 8 to 16; x has a value of 6 to 12; and y has a value of 1 to 8 

It should be understood that in both Formulas (I) and (II). the siloxane-oxyalkylene copolymers of the ores 

ent nvention ,may. ,„ alternate embodiments, take the form of endblc^ed polyeZrs in wL the nWng™ 

. the ^^'Mene segments and the terminating radical Rc occupy positions bonded to the ends of the s, 

oxane cha.n, rather than being bonded to a silicon atom in the siloxane chain. Thus, one or mo re o he £ 

2f H e " h 7h t0 tW ° termina ' SMiCOn at0ms at the end ° f « he chaTn 1 be s £ 

s ituted with the segment -R'-O-fC^OMC^OJ.-Rc or with the segment -R'-O-^Ol.-Rc " some in 

C H S RcTnoSt o e n Sira ?V° ""IK 6 S69ment - Rb -°-( C ^MC3H 9 0) 1 -Rc or the segm n 7£Z 
Spends m Si ' 0Xane Chai " 35 We " 35 3t ,OCa,ions at one or b ° lh <*»» siloxane 

in ■C^rn h Sr„°!n m H a i in9 h SU f :h • ,, °™r* ya,l * tone copolymers are known in the art and are described in detail 
in Chem^try and Technology of Silicones", Walter Noll. Academic Press Inc.. 1968. Pages 373-376 

For the sake of brevity, the siloxane polyether of Formula (I) shall be referred to in the examples and in 
s 6 t e ros-l f"? SUrfaCtam A ° ^ thB SN0Xane P0, ^ ther ° f F °™ la 00 "a! beS^d 

factant A m the examples and tables, that this material constitutes a mixture containing about thirteen percent 

alLT J 6 T° /P0 " e SUrfaCtant 88 aCtive ingredient and about eighty-seven p.nJ^SSS 
a volat.le cychc sihcone. Reference will also be made to an "EO/PO Silicone Surfactant B which is eS^ 

>»J k >Z ^ ~° Si " COne SUrfaCtant A " iS about 1 - 8 ' n ° HLB valu * <™e "EO SiLne Surfac- 
tant" ,s about 1 3.6. The HLB value of the "EO/PO Silicone Surfactant B» is about 5 9 

nf thl ^T 1 " 6 S ^° n8 T* in th ° " E0/P ° SiliCOnB Surfactant A ° and volatile sili c°™ used as a component 
of the o,l phase of the emuls.cn of the present invention is a low viscosity methylsi.icone fluid. These volatile 
low v,scos, y methylsilicone fluids correspond to the formula (CH 3 ).SiO ( . m wherein a is an in eger havi g an 
average value of from two to three. The methylsilicone fluid contains siloxane units joined by sf-O-Si bonds 
Representabve un,ts are CH 3 ) 3 Si0 1/2 , (CH 3 ) 2 SiO M> (CH^SIO^ and SiO«, These units are presenf ™£'r 
amou ts such hat there is provided an average of from two to three methyl groups per silicon a em in°he 
methylene flu.d; whereby the methylsilicone fluid has a viscosity of less than about one hunSreTmnSs 
(cent.stokes) measured at 25'C.. preferably less than ten mm% (centistokes) 

The volatile low viscosity methylsilicone fluid contains dimethylsiloxane units and optionally trimethylsi- 
loxane un.ts. Representative compounds are cyclopolysiloxanes of the formula [(CH^SiO], and I Sr s Tox 

ZZZ « ^ f0rmU,a < C «^ C »«WHCH A. - which x is an IgeThaving ^vilue of^m 
three to ten and y is an integer having a value of from zero to four aiueorrrom 

-hJT^jSfS ' 0W ViSC ° Si - y methyisilicones have boili "9 Points generally less than 250°C. and as noted 

i m nSrxEK: " scosities 1658 than ten mm2/s (cen,istokes) - mosi preferabi - - * s 

t •. ^ do P 0| y si,oxanes hav e been assigned the adopted name "CYCLOMETHICONE" by The Cosmetics 
To. le nes and Fragrance Association. Inc.. Washington, D.C. (CTFA). Both the cyclopolysiloxanes aVd the S' 

metica ly these methylsilicone fluids are nonirrttating to skin and exhibit enhanced spLdabS ty 3 ise o"f 
rub-out w en apphed to the skin. Once applied to the skin, the materials evaporate leaving be hind n Sue 
Methyls.hcone flu.ds of the present invention leave substantially no residue after thirty minutes aTZi 
temperature when one gram of the fluid is placed at the center of a No. 1 circular filter paper having a dimeter 
of 1 85 mm supported at its perimeter In open room atmosphere. diameter 

Pri h!^ 1 ^' ,iC °. ne f ' Uid " iS meant 3 oom P° si,ion containing two or more silicon atoms, all of which are bond- 
ed by way of at least one oxygen atom to at least one other silicon atom and at least one methyl radical each 
silicon valence not satisfied by oxygen being satisfied by a methyl radical 

Methylsilicone fluids especially useful in the present invention are hexamethyldisiloxane which has a boil 
ing Pom of 99.5 C. and the formula M e 3 SiOSiMe 3 ; octamethyltrisiloxane which L a boiling pot of 152^C 
^ '"J™ aMa * S ' 0Me * Si °^e 3 ; hexamethylcydotnsiloxane which has a boiling point of ?3?-C and t£ 
uZtT*^ °«*™ tl yW««™»o™ e which has a boiling point of 171'C. and me formula 
KsiS: which has a boiling point of 205°C. and the formula 

«f lh S h '!? Sili ?.! f ' UidS m8y be US6d a,one or 38 mixtures in combinations of two or more. Mixtures 
In some instances, it may be desirable to replace one or more of the methyl groups in the methylsilicone 
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fluid with other groups. Thus, there may be substituted alkyl radicals having two to twelve carbon atoms; or 
aryl radicals having six to ten carbon atoms. 

The oil phase of the emulsion may contain a linear non-volatile silicone component which is a polysiloxane 
film former having a viscosity between 1 0 and 25 million mm 2 /s (centistokes), preferably a range of 1 0 to 20,000 
mn^/s (centistokes). A mixture of non-volatile polysiioxanes having relatively higher and relatively lower vis- 
cosities may also be employed. Such polysiioxanes contain the repeating unit 

"r 1 


-Si- 

1' 


wherein n is an integer having a value greater than 1 ; R 1 is an alkyl radical containing 1 to 7 carbon atoms or 
a phenyl group; R 2 is an alkyl radical containing 1 to 7 carbon atoms or a phenyl group. Illustrative polysiioxanes 
encompassed by the above formula are silicone oils and silicone gums such as polydimethylsiloxane, poly- 
diethyisiloxane, polymethylethyisiloxane, polymethyiphenylsiloxane, polydiphenylsiloxanes and copolymers 

20 of two or more of the foregoing siloxanes. 

In addition, it may be desirable to include in the oil or water phase of the emulsion other compatible ma- 
terials such as waxes; sunscreen agents; vitamins such as Vitamin A, Vitamin B, Vitamin D, Vitamin E, ascorbic 
acid and biotin; hormones; amino acids; antioxidants such as propyl, octyl and dodecyi esters of gallic acid, 
butylated hydroxytoluene, butyiated hydroxyanisole (BHA) and natural mixed tocopherols; opacif iers such as 

25 titanium dioxide and fatty alcohols; and solvents such as ethanol and isopropanol. 

Waxes which are employed include carnauba, beeswax, ceresin, paraffin, candelilla, bayberry, montan, 
spermaceti, castor wax, ozokerite, microcr ystalline waxes and Fisher-Tropsch waxes. 

Ester waxes are also employed such as those products sold by Croda Surfactants, Ltd., North Humberside, 
England, under the tradenames SYNCHROWAX AW1, BB, BE, BSE14, ERU HGL, HR, HRS, RLS and SE. 

30 Colorants include any of the United States Government Food & Drug Administration (FDA) certified inor- 

ganic and organic dyes and lakes such as carmine, iron oxide, mica, titanium dioxide, ultramarines, zinc oxide, 
bismuth oxychloride; and D & C Blue No. 1 , D & C Orange No. 5, D & C Red No. 6 Aluminum Lake, D & C Red 
No. 7 Calcium Lake, D & C Green No. 8, D & C Red No. 17, FD & C Blue No. 1, FD & C Red No. 3. FD & C 
Yellow No. 6, External D & C Violet No. 2, which are the CTFA adopted names of The Cosmetic, Toiletry and 

35 Fragrance Association, Washington, D.C. 

Preservatives which may be used are methyl paraben, ethyl paraben, propyl paraben, butyi paraben, dia- 
zolidinyi urea, imidazolidinyl urea and mixtures thereof. Where an antimicrobial is required, materials such as 
Triciosan, Quaternium-15, chloroxylenol and cetyl trimethyl ammonium bromide, may be employed. 

An acid is used to adjust the pH to within the range of three to nine, preferably six to eight. Any water soluble 

40 acid such as a carboxylic acid or a mineral acid can be employed. Acids include mineral acids such as hydro- 
chloric, sulfuric and phosphoric acid; monocarboxylic acids such as acetic, lactic and propionic acid; and poly- 
carboxyiic acids such as succinic, adipic, salicylic and citric acid. 

Suitable neutralizing agents include sodium hydroxide, potassium hydroxide, ammonium hydroxide, mono- 
ethanolamine, diethanolamine and triethanolamine. 

45 Among the numerous humectants which may be employed are polyhydroxy alcohols such as sorbitol, gly- 

cerin, hexylene glycol, propylene glycol and hexanetriol; sugar and starch derivatives such as alkoxylated glu- 
cose and hydrolyzed mucopolysaccharides; D-panthenol, hyaluronic acid, lactamide monoethanolamine, acet- 
amide monoethanolamine, urea, guanidine, glycolic acid and glycolate salts, lactic acid and lactate salts; and 
mixtures thereof. 

so Emollient oils of the present invention include mineral oil, peanut oil, sesame oil, avocado oil, coconut oil, 

cocoa butter, almond oil, saffloweroil, corn oil, cotton seed oil, castor oil, olive oil, jojoba oil, paraffin oil, cod 
liver oil, palm oil, soybean oil, wheat germ oil, linseed oil and sunflower seed oil; fatty acid esters such as iso- 
propyl myristate, isopropyl palmitate, isopropyl stearate, butyl stearate, cetyl stearate, diisopropyl adipate, iso- 
decyl oleate, diisopropyl sebacate and lauryi lactate; fatty acids such as lauric, myristic, palmitic, stearic, oleic, 

55 linoleic and behenic, acid; fatty alcohols such as lauryi, myristyi, cetyl, stearyi, isostearyl, oleyt, ricinoleyl, eru- 
cyl and 2-octyl dodecanol, alcohols; lanolin and its derivatives such as lanolin, lanolin oil, lanolin wax, lanolin 
alcohols, lanolin fatty acids, isopropyl lanolate, ethoxylated lanolin and acetylated lanolin alcohols such as 
ACETULAN®, a trademark and product of Amerchol Corporation, Edison, New Jersey; and hydrocarbons such 
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as petrolatum and squalane. Sunscreen agents may be included in some instances and can be used in the 
amount which ,s within the restricted limits or less as established by the United States Go^ernmen? Food & 

2 £ !^ A) - R ! P k reSent3tiVe SUnSCfeen 39emS ° r mixtures ° f suoh a 9ents arer a Sbenzoic 

acid , homomethyl salicylate; 2-hydroxy-4-methoxy benzophenone; 2-phenylbenzimidazo|.5-sulfonic acid ™ 
d|methy amino benzoic add 2-ethylhexyl ester; 4-methoxy cinnamic acid isoamyl ester; 4-methoxy cinnamic 
ac,d2-ethylhexyl ester = 3-(4--m e thyi)benzylidene-borna n e-2-one; 1.(4--iso P ropyl P hen y l)-3.phen yl -T- P ropane- 
1,3-d.one;and1-(4'-t-butylphenyl)-3-(4-methoxyphenyl)-propane-1,3-dione. 

Fragrances which may be used include natural products such as ambergris, benzoin, civet clove leaf oil 
jasmine, mate', mimosa, musk, myrrh, orris, sandalwood oil and vetivert oil; aroma chemicals such 'as amvi 
salicylate, amyl cinnamic aldehyde, benzyl acetate, citronellol, coumarin, geraniol, isobornyl acetate ambrette 
and terpinyl acetate; and the various classic family perfume oils such as the floral bouquet family the oriental 
am. y, the chypre family, the woody family, the citrus family, the canoe family, the leather family, the spice 
family and the herbal family. 

Thickening agents which may be used include polyacrylates; sodium alginate; gum arabic; guar gum- car- 
boxyvinyi polymers; cellulose derivatives such as methylcellulose, ethyl cellulose, hydroxypropyl methylcellu- 
lose hydroxyethylcellulose, hydroxypropylcellulose and carboxymethylcellulose; starch and starch derivatives 
such as hydroxyethylamylose and starch amylose; polyvinyl alcohol; locust bean gum; vegetable gums- mag- 
nesium aluminum silicate such as Veegum™, a tradename of R.T. Vanderbilt Company, Incorporated Norwalk 
Connecticut; sacchande and saccharide derivatives such as fructose, glucose and PEG-120 metrM glucose 
dioleate; and any of the various organically modified montmorillonite clays sold under the trademark BEN- 
TONE® by Rheox Incorporated, Highstown, New Jersey, such as BENTONE® 38. 

Divalent and trivalent salts may be used as electrolytes and suitable salts are sodium chloride, magnesium 
chloride, aluminum chloride and ammonium chloride. Sodium borate may also be employed, as well as certain 
ant.persp.rant salts such as aluminum chlorohydrate and aluminum-zirconium chlorohydrate. These electro- 
lytes and salts aid in reducing the particle size of the silicone in the emulsion which has a net thickening effect 

The invention is illustrated in more detail in the following examples and tables. 

Example I 

Oil-in-water emulsions were prepared by separately forming an oil phase in one, four hundred milliliter 
beaker and a water phase in anotherfour hundred milliliter beaker. An electric mixer was placed in each beaker 
and used until each phase in each beaker was uniform. The oil phase was slowly added from one beaker to 
the water phase in the other beaker while agitating the combined phases with the electric mixer. The two phas- 
es were mixed together for ten minutes. The mixed phases were placed on an EPPENBACH™ mixer which 
was set at forty on the variable speed control. The phases were mixed for ten minutes. The resulting mixture 
was placed into a 236.6 ml. (eight ounce) bottle. Tables l-III appearing below show the ingredients used to pre- 
pare each phase of each of the oil-in-water emulsions. 
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TABLE I 



Ingredient 

Emulsion 1 Weight % 

Emulsion 2 Weight % 

Emulsion 3 Weight % 

5 

OIL PHASE 





Volatile cyclic silicone 

15.0 

15.0 

15.0 

10 

Non-Volatile Linear 





silicone (10 cs.) 10 

5.0 

5.0 

5.0 


mm 2 /s 




15 






EO/PO Silicone 
Surfactant A 

8.0 

8.0 

8.0 

20 

WATER PHASE 




25 

EO/PO Silicone 
Surfactant B 


1.0 

2.0 


EO Silicone Surfactant 

0.5 

— - 



30 






Water 

61.5 

61.0 

60.0 

35 

Sodium chloride 

2.0 

2.0 

2.0 


Propylene glycol 

8.0 

8.0 

8.0 

40 






Combined HLB 

6.3 

4.1 

4.7 
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TABLE II 


Ingredient 

Emulsion 4 Weight % 

Emulsion 5 Weight % 

Emulsion 6 Weight % 

OIL PHASE 




vuiaiiie cyclic silicone 

19.0 

19.0 

30.0 

iNon-voiaiiie Linear 
silicone (10 cs.) 10 
mnn 2 /s 

5.0 

5.0 

5.0 

EO/PO Silicone 
Surfactant A 

4.0 

4.0 

8.0 

WATER PHASE 




EO/PO Silicone 
Surfactant B 

0.5 

2.0 


EO Silicone Surfactant 



ft c 

0.5 

Water 

61.5 

60.0 

46.5 

Sodium chloride 

2.0 

2.0 

2.0 

Propylene glycol 

8.0 

8.0 

8.0 

Combined HLB 

4.1 

5.2 

6.3 


45 


50 
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TABLE ill 



Ingredient 

Emulsion 7 Weight % 

Emulsion 8 Wetght % 

emulsion y weignt /o 

5 

OIL PHASE 





Volatile cyclic silicone 

30.0 

45.0 

45.0 

10 






Non-Volatile Linear 
silicone (10 cs.) 10 
mm 2 /s 

5.0 

5.0 

5.0 

15 






EO/PO Silicone 
Surfactant A 

8.0 

8.0 

8.0 

20 

WATER PHASE 




25 

EO/PO Silicone 
ourractani d 

2.0 


2.0 

30 

EO Silicone Surfactant 


0.5 



Water 

45.0 

31.5 

30.0 

35 

Sodium chloride 

2.0 

2.0 

2.0 

40 

Propylene glycol 

8.0 

8.0 

8.0 


Combined HLB 

4.7 

6.3 

4.7 


The combined HLB value of the silicone surfactant system of each of the foregoing oil-in-water emulsions 
was calculated by multiplying the ratio of each of the individual silicone surfactants in each emulsion to the 
total surfactant content in each emulsion by its individual HLB number and combining the two values. The com- 
bined H LB value of each of the oil-in-water emulsions is shown in Tables l-lll. The oil-in-water emulsions formed 
in accordance with the present invention possess utility in personal care cosmetic products intended for ap- 
plication to the human skin. 

These emulsions preferably contain from 0.1 to 60.0 percent by weight of silicone oil or silicone gum; 40.0 
to 90.0 percent by weight of water 0.5 to 5.0 percent by weight of the silicone surfactants; and 0.35 to 25.0 
percent by weight of an electrolyte. 

Claims 

1. A method of making an emulsion comprising (0 preparing an oil phase having a silicone oil and a first 
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3. 


adding the oil phase to the aqueous phase andlSng the phases 9 ^""'^ emU ' Si0n by 

T° rdin K ,0 daim 1 in " thS siliconeoilinthe °i' P^se isamixture which includesavolatile 
cyclopolys, oxane hav.ng the formula [<CH 3 ) 2 SiOL, in which x has a value of 3 to 10 anS a no -vo a tie 
l.near polys.loxane hav.ng a viscosity of 10 to 10,000 mm*/s (centistokes). 
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wherein R« is an alkyl group of one to six carbon atoms; R» is the radical -C m H, m - R« is a terminatino r*m~, 

itTJr the , 9rou f p t consistin9 ° f hydro9en - an ^ of one to £ £z s syns 
sis y t: zxzxzt 1 p and s each have vaiues between 18 to 28 = * has * — 

t A hrlT?ou a r CC ° rdin9 10 3 in ^ * terminatin9 radiCal Re are ^ ma and m is 


40 


45 
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(R a ), -SiO - 


-SiO- 


I 

- SiO- 


- Si-(R a ) 


R b -O-(C 2 H 4 0) p -R £ 


Serd^mhvd^r p ^ 

f„ L w k y ? 9 ' a " alM 9r ° Up 0f ° ne t0 six carbon atoms or a " ^yl group; m has a value of two 
to e.ght; p has a value of 8 to 16; x has a value of 6 to 12; and y has a value of 1 to 8. 

A method according to claim 3 in which the combined hydrophile-lipophile balance (HLB) of the first and 
second s.hconeoxyalkylene copolymers has a value of between 6 and 7. ' "ie T.rst and 

A cosmetic product including the oil-in-water emulsion produced in accordance with the method of claim 
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